A b s t r a c t -The p o s s i b i l i t y o f d e t e c t i n g t h e normal cores o f v o r t i c e s i n a superconducting t h i n f i l m , by a c o u s t o e l e c t r i c c o u p l i n g o f s u r f a c e a c o u s t i c waves t o t h e l o c a l sheet r e s i s t i v i t y o f t h e f i l m , i s discussed. The a t t e n u a t i o n o f 700 MHz SAW'S b y a superconducting NbN f i l m has a l r e a d y been r e p o r t e d . We f i n d t h a t t h e observed a t t e n u a t i o n i s p r o p o r t i o n a l t o t h e d e n s i t y o f t h e s e v o r t i c e s .

I -INTRODUCTION
The e l e c t r i c f i e l d accompanying a s u r f a c e a c o u s t i c wave (SAW), p r o p a g a t i n g on a p i e z o e l e c t r i c s u b s t r a t e , w i l l couple t o t h e sheet r e s i s t i v i t y (Ro) o f a f i l m d e p o s i t e d on t h e s u b s t r a t e . The a c o u s t o e l e c t r i c e f f e c t w i l l produce a t t e n u a t i o n o f t h e SAW t h a t i s p r o p o r t i o n a l t o Ro, i n t h e l o w r e l a x a t i o n t i m e l i m i t /I/.
W i t h t h e s h o r t wavelength o f u l t r a s o n i c SAW i t i s t h e n p o s s i b l e t o d e t e c t v a r i at i o n s i n Ro on small scales.
I f t h e f i l m were a superconductor below t h e superconducting t r a n s i t i o n temperature Tco, t h e a t t e n u a t i o n would be n e g l i g i b l e , unless t h e r e were superconducting v o r t i c e s i n t h e f i l m . The e l e c t r o n s i n t h e c o r e o f a v o r t e x may be viewed as b e i n g i n t h e normal s t a t e ; and, i f t h e wavel e n g t h o f t h e SAW i s l e s s t h a n o r o f t h e o r d e r o f t h e core s i z e , t h e e l e c t r i c f i e l d w i l l couple t o t h e normal e l e c t r o n s i n t h e core, t h e r e b y a t t e n u a t i n g t h e wave. V o r t i c e s may appear i n a superconducting t h i n f i l m f o r one o f two reasons. I f a magnetic f i e l d i s a p p l i e d p e r p e n d i c u l a r t o t h e f i l m , t h e f i e l d w i l l p e n e t r a t e i n t h e f o r m o f a v o r t e x w i t h t h e superconducting v o r t e x c u r r e n t screening t h e r e s t o f t h e f i l m from t h e magnetic f i e l d , s i m i l a r t o a t y p e I1 superconductor. And, a l s o , v o r t i c e s may appear as thermal e x c i t a t i o n s , w i t h o u t any a p p l i e d magnetic f i e l d /2/. We b e l i e v e t h e l a t t e r has been observed i n a NbN f i l m /3/. 
JOURNAL DE PHYSIQUE I 1 -THE KOSTERLITZ -THOULESS TRANSITION
The energy r e q u i r e d t o t h e r m a l l y e x c i t e an i s o l a t e d vortex i n a superconducting f i l m i s very large, due t o t h e l a r g e extension o f t h e screening current, and t h e number o f s i n g l y e x c i t e d v o r t i c e s w i l l be small. The energy o f a p a i r o f vort i c e s , w i t h c u r r e n t s c i r c u l a t i n g i n opposite d i r e c t i o n s , i s found t o be much less. The energy increases l o g a r i t h m i c a l l y w i t h t h e i r separation /4/, so t h a t a t low temperatures we would o n l y expect t h e r m a l l y e x c i t e d vortex p a i r s w i t h correspondi n g l y small separations t o be present i n t h e f i l m . As t h e temperature increases t h e d e n s i t y o f p a i r s increases, and t h e average separation o f t h e two v o r t i c e s o f a p a i r becomes l a r g e r .
Due t o t h e screening o f t h e i n t e r a c t i o n between t h e two v o r t i c e s o f l a r g e p a i r s , by t h e o t h e r p a i r s , i t i s found t h a t , . a t t h e K o s t e r l i t z -
Thouless t r a n s i t i o n temperature Tc < Tco, t h e l a r g e s t p a i r s disassociate i n t o f r e e v o r t i c e s /2,5/. These f r e e v o r t i c e s w i l l r e s u l t i n a non-zero DC resistance o f t h e f i l m above Tc, even though we have T < Tco.
I11 -EXPERIMENTAL EVIDENCE OF BOUND VORTEX PAIRS
DC r e s i s t a n c e and a t t e n u a t i o n o f 700 MHz SAW'S have been reported f o r a h i g h l y r e s i s t i v e NbN f i l m /3/, Ro 30kQ, see f i g . 1. I n t e r p r e t i n g t h e broad r e s i s t i v e t r a n s i t i o n as being due t o f l u x -f l o w resistance o f f r e e v o r t i c e s above
Tc, we note t h a t t h e a t t e n u a t i o n i s close t o i t s normal s t a t e value, as would be expected i f t h e f i l m i s f i l l e d w i t h v o r t i c e s , f o r temperatures above Tc. This being t h e temperature a t which t h e resistance goes t o zero.
Temperature <K) Assuming that the attenuation is proportional to the area covered by the cores of bound vortex pairs, we find that the normalized attenuation should follow (Schenstrom, Levy, Fredricksen and Gavaler, to be published), with
Here, x is an effective scale temperature, x = (T/T~)(A~(~)/x~(T~)). in terms of the London penetration length, A. This is compared with the data for different estimates of A(T), see fig. 3 . Curve #1 was calculated without taking into account the fact that the presence of the vortices will affect 1. For curves #2-4 we assumed A2(~) -nzl(T), the average superfluid density. ns is given by the superconducting order parameter IJI. ns -lWl2. We used IJI -r/E for r < 5, where E is the core radius, for curve #2. And, IJI -tanh(vr/E) with v = 1 and 1.4 for curves #3 and #4, respectively. The value v = 1.4 was found to give the best fit.
Reduced Temperature CT/Tco) Fig. 3 -Data and c a l c u l a t e d a t t e n u a t i o n , assuming t h e a t t e n u a t i o n i s p r o p o r t i o n a l t o t h e f r a c t i o n of t h e f i l m t h a t i s covered by vortex cores. Curve #1: Unrenormalized c a l c u l a t i o n . Curve #2-4: Using d i f f e r e n t estimates f o r how t h e presence o f t h e v o r t i c e s a f f e c t t h e s u p e r f l u i d density, see t e x t . I V -CONCLUSIDN W e have shown t h a t t h e a t t e n u a t i o n o f SAW'S by a superconducting NbN f i l m , w i t h high normal s t a t e r e s i s t i v i t y , can be explained as being due t o t h e acoustoelect r i c coupling o f t h e wave t o t h e normal cores o f t h e r m a l l y e x c i t e d v o r t i c e s . The a t t e n u a t i o n i s found t o be close t o i t s normal s t a t e value f o r temperatures above t h e vortex unbinding temperature Tc, and non-zero f o r a temperature range below Tc, where t h e DC resistance i s zero. This i s c o n s i s t a n t w i t h t h e presence o f o n l y bound vortex p a i r s below Tc, which do n o t produce any DC resistance, b u t w i l l s t i l l attenuate t h e SAW.
